Tungsten is used in high-temperature applications due to its high melting point. Its use as a filament in incandescent lamps is well known. Tungsten steels are also used in springs, valves, magnetos, contact points, spark plugs and numerous other products where strength, hardness, resistance to corrosion and a high melting point are essential.
However, these methods are disadvantageous in terms of cost and the instruments used in routine analysis. AAS is often lacking in sensitivity and is affected by the matrix conditions of samples, such as salinity. As a result, the trace analysis of tungsten is carried out by spectrophotometric methods. Several analytical reagents have been reported for its spectrophotometric determination. One of the most often used is the thiocyanate method, [12] [13] [14] applied either to aqueous solution or to organic extract. The interference of various metals, the stability of the complex and reproducibility have been the main problems of this method. It was found during our investigations that the stability, selectivity and sensitivity of tungsten-thiocyanate complex could be enhanced by adding ethopropazine hydrochloride (EPH).
In the present paper, we report on a simple, adequately sensitive and accurate extractive spectrophotometric method for the determination of tungsten(VI) in alloy steels using EPH based on the formation of chloroform soluble mixed-ligand complex of tungsten(V) with thiocyanate and EPH in a hydrochloric acid medium. The chromogen formed in the proposed method is more stable (over a week) compared to those of other reported methods [15] [16] [17] (24 -72 h) , and also has a higher molar absorptivity (1.74 × 10 4 ) than those of the reported methods 17-21 (7.8 × 10 1 -6.1 × 10 3 ). Moreover, the developed method is free from interference by a large number of metal ions, unlike the reported methods. 22, 23 
Experimental

Apparatus
A Hitachi (Model U-2001) UV-visible spectrophotometer with 1 cm matched quartz cells was used for absorbance measurements. An elemental analysis of the complex was performed on a Thermoquest CHN analyzer (Model EA 1110 CHN).
Reagents and samples
All of the chemicals used were of analytical or pharmaceutical grade; quartz-processed high-purity water was used throughout.
A stock solution of tungsten(VI) was prepared using a suitable amount of sodium tungstate in 100 ml distilled water, and standardized using 8-hydroxyquinoline. 24 It was diluted to give a standard solution containing 100 µg ml -1 of tungsten(VI). An aqueous solution of 0.5% EPH was prepared and stored in an amber-colored bottle in a refrigerator. A 10% solution of ammonium thiocyanate was prepared in distilled water. A 5% tin(II) chloride solution was prepared from SnCl2·2H2O in 2 M hydrochloric acid. A 10 M hydrochloric acid was used for the study. Solutions of diverse ions of suitable concentrations were prepared using AR-grade reagents.
Spectrophotometric determination of tungsten(VI)
Known volumes of tungsten(VI) solution containing 10 -150 µg of tungsten(VI) were transferred into a series of separatory funnels. To these were added 8 ml of 10 M HCl, 3 ml of 5% SnCl2 and 4 ml of 10% NH4SCN, and diluted to 20 ml with distilled water. The mixture was kept aside for 15 min and 5 ml of 0.5% EPH was added. Chloroform (10 ml) was added and shaken well. The two phases were allowed to separate and the chloroform layer was passed through anhydrous Na2SO4. The absorbances of a yellow-colored complex were measured at 404 nm against a reagent blank.
A calibration curve was constructed and used to determine the amount of tungsten(VI) in an unknown sample solution.
Determination of tungsten(VI) in alloy steels
About 0.5 g of alloy steel was weighed accurately, treated with 25 ml of concentrated hydrochloric acid and 0.5 ml of concentrated nitric acid. It was boiled to remove the oxides of nitrogen and diluted with 6 M hydrochloric acid. Iron(III) was extracted with three 5-ml portions of diethyl ether. 24 The aqueous layer was transferred to a 100 ml calibrated flask and diluted to the mark with distilled water. A suitable aliquot of this solution was transferred into a separatory funnel and the amount of tungsten(VI) was determined following the recommended procedure.
Results and Discussion
Preliminary investigations have shown that tungsten(V) formed by the reduction of tungsten(VI) with tin(II) chloride combined with thiocyanate to form a yellow-colored, tungsten(V)-thiocyanate complex in a hydrochloric acid medium. This complex further reacted with EPH to form a chloroform soluble ion-association complex having maximum absorbance at 404 nm. The optimum reaction conditions for the quantitative determination of the mixed-ligand complex were established via a number of preliminary studies. The effects of acids on the formation of the complex were studied using HCl, H2SO4, H3PO4 and CH3COOH. It was observed that the color formation of the complex was slow in H3PO4 and CH3COOH. Further, it was found that a stable and intense colored complex was formed in HCl and H2SO4. Because many foreign ions interfered in the determination of tungsten(VI) in an H2SO4 medium, HCl was used throughout the study. HNO3 was not used for the study because it oxidized EPH. It was also noticed that the quantitative reduction of tungsten(VI) to tungsten(V) by SnCl2 was not achieved with a volume of below 8 ml of 10 M HCl. The maximum intensity and constant absorbances of the complex were obtained with 3 ml of SnCl2, 4 ml of NH4SCN and 5 ml of EPH. The color development was found to be slow when the volume of NH4SCN was less than 3.5 ml, and the quantitative extraction of an ion-association complex was not achieved with less than 5 ml of EPH. It was also noticed that an excess of reagents had no effects on either the sensitivity or the stability of the complex. However, 4 ml of NH4SCN and 5 ml of EPH were used for subsequent work. A 3 ml volume of SnCl2 was found to be sufficient for the quantitative reduction of tungsten(VI) to tungsten(V) and excess SnCl2 had no effect either on the stability or intensity of the complex. Of several organic solvents tried for effective extraction of the complex, chloroform was found to be the most suitable solvent, since it was observed that only one extraction was sufficient for a quantitative recovery of the colored complex. The absorbance readings of the complex were stable for over one week in the temperature range of 15 -40˚C.
Analytical features
Beer's law limit, the molar absorptivity and the Sandell's sensitivity value, regression equation and correlation coefficient for tungsten(V)-EPH-thiocyanate system are given in Table 1. A linear relationship was found between the absorbance at λmax and the concentration of the ternary complex in the concentration range of 1 -15 µg ml -1 . A regression analysis of Beer's law plot at λmax revealed a good correlation. A graph of the absorbance versus the concentration showed zero intercept, and is described by the regression equation Y = a + bX (where Y is the absorbance of a 1 cm layer, b is the slope, a is the intercept and X is the concentration of the metal ion in µg ml -1 ) obtained by the least-squares method. The precision and accuracy of the proposed method were checked by using 10 µg ml -1 of tungsten(VI), and the RSD value was found to be less than 1.0%.
Stoichiometry of the complex
The stoichiometry of the ion-association complex was studied by Job's method of continuous variations and equilibrium shift method. 25 The results of these methods indicated that the mole ratio between tungsten(V), SCN -and EPH was 1:5:2. The solid complex was also isolated from the chloroform layer by evaporating on a water bath and analyzing for analytical data. The obtained data correspond to (EPH·H + )2 [WO(SCN)5 2- ], where EPH·H + represents protonated ethopropazine.
Effect of diverse ions
In order to assess the analytical potential of the proposed method, the effects of some diverse ions, which often accompany tungsten, were examined by carrying out the determination of 10 µg ml zinc(II), cadmium(II), zirconium(IV), alkali and alkaline earth metal ions and a large number of anions did not interfere even when present in large excess.
The tolerance limits of titanium(IV), niobium(V), vanadium(V) and tantalum(V) were raised to 50, 40, 55 and 45-folds, respectively, and that of molybdenum(VI) to 10-fold by complexing with fluoride (0.2 -1.0 ml of 1 M sodium fluoride) and retaining them in the aqueous phase. The results of the investigations are recorded in Table 2 .
Applications of the method
The applicability of the proposed method was studied by extending it for the analysis of various tungsten alloys. The results presented in Table 3 compare favorably with the certified values.
Conclusions
Thus, the proposed method could be used as an alternative method for investigation of micro amounts of tungsten in alloy steels, because the associated substances in these materials do not interfere in the determination of tungsten. The extraction of the ternary complex with chloroform led to high sensitivity, selectivity and stability compared with most of the reported methods. 
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